Clean Rooms with Moderate Humidity: Shih-Bin SU, e t a l . D e p a r t m e n t o f E n v i r o n m e n t a l a n d Occupational Health, College of Medicine, National Cheng Kung University, Taiwan-Objective: To determine whether working under relative humidity (RH) around 55 ± 5% may lead to dry symptoms among workers in tropical regions. Methods: We recruited 3,154 Taiwanese workers who had no history of skin diseases and compared dry symptoms between clean room workers (RH around 55 ± 5%) and other workers (RH around 65 ± 5%). Results: Clean room workers had higher prevalences of dry symptoms of the eye (odds ratio [OR]=1.62, 95% confidence interval [CI]: 1.40 to 1.86), nose and throat (OR=2.15, 95% CI: 1.66 to 2.79), and skin (OR=1.46, 95% CI: 1.23 to 1.73). In clean room workers, however, dry skin symptoms affected the palms (OR=1.72, 95% CI: 1.24 to 2.39), which are covered by gloves, more frequently than the face (OR=0.65, 95% CI: 0.45 to 0.94), which is exposed to the room air. We found working in clean rooms (adjusted OR [AOR]=1.38, 95% CI: 1.08 to 1.77), 24 to 30 yr of age (AOR=0.78, 95% CI: 0.62 to 0.99), family history of atopic diseases (AOR=1.75, 95% CI: 1.37 to 2.25), and skin moisturizer use (AOR=1.64, 95% CI: 1.30 to 2.06) were independent predictors of skin symptoms. In addition, working in clean rooms was an independent predictor of dry eye (AOR=1.30, 95% CI: 1.06 to 1.60) and dry nose and throat (AOR=1.70, 95% CI: 1.28 to 2.26) symptoms. Conclusions:
In the high-tech electronic and optoelectronic industries, many manufacturing processes are placed in the "clean room" to ensure high quality and high yield. In clean rooms, dust particles in the air are controlled to extremely low levels, and the temperature and humidity are maintained at relatively low levels. In addition, workers have to wear special outfits covering almost all of their body surfaces to avoid contaminating the products while working in clean rooms. Because it is troublesome to exchange clothing and go through the cleaning processes, workers generally try to avoid going in and out of the clean rooms during their work shifts. Many clean room workers even reduce their water intake in order to minimize the need to go the bathroom at work [1] [2] [3] . Previous studies found working in environments with ultra-low humidity (relative humidity [RH]=1.5%) may cause skin symptoms, changes in skin functions, and even disorders such as xerotic eczema [4] [5] [6] [7] [8] . A study in Japan on workers working in environments with very low humidity also observed high prevalence of atopic dermatitis and skin dryness 9) . Thin film transistor liquid crystal display (TFT-LCD) manufacturing is currently the industry that generates the largest revenue for Taiwan, and hundreds of thousands of workers are employed by this industry. In most clean rooms for the production of TFT-LCD, the indoor RH is set around 55 ± 5%. Whereas this level of humidity is not very low, the yearly average outdoor RH in southern Taiwan, a tropical area, is around 80 ± 5% 10) . Therefore, a large number of workers in this industry are exposed to a large humidity gradient between the indoor and outdoor environments, and this might cause adverse health effects due to excessive superficial water evaporation 11) . Our previous study found that dry eye symptoms and tear secretion dysfunction were more prevalent among clean room workers in TFT-LCD manufacturing plants in an industrial park in southern Taiwan 3) . In order to evaluate whether working in environments with a relatively low humidity may also cause dry skin and dry mucosa symptoms in a high-humidity country, we compared these symptoms between clean room workers and workers not working in clean rooms in the TFT-LCD industry in southern Taiwan.
Materials and Methods
We recruited workers working in an industrial park in Tainan, Taiwan, who received the annual routine health examination at the clinic in the park in September 2003. We included workers whose employment duration was more than one year, and divided them into two groups: those who worked in clean rooms on a regular basis, the "clean room" group; and the others who did not work in clean rooms on a regular basis, the "non-clean room" group.
The clean rooms are kept airtight, with the temperature maintained at around 22 to 25°C and RH at around 55 ± 5%. In other indoor working areas, the temperature is maintained at around 22 to 28°C, and the RH is maintained at around 65 ± 5%. To keep the production lines running 24 h a day, the factories have the workers work 12 h a day for two consecutive days and then rest for two days. During the day shift, workers have a 20-min break in the morning, a lunch break of 50 min, another 20-min break in the afternoon, and a dinner break of 50 min 1) . The schedule for breaks on the night shift is the same as that of the day shift, and therefore most workers stay in clean rooms for more than nine hours each shift.
We distributed a self-administered questionnaire to each participant, which included questions on demographic data (including gender and age), working history (including working area and working duration), medical history and family history of atopic diseases (including atopic dermatitis, allergic conjunctivitis, bronchial asthma, and allergic rhinitis), and current dry skin and mucosa symptoms (including dry eye, dry nose, dry throat, and dry skin).
All data analyses were conducted using the SPSS (Version 12.0, NC) software, and differences in prevalence rates of dry skin symptoms and other variables were evaluated by the chi-square or Fisher's exact test at a two-tailed significance level of 0.05. Univariate and multi-variate logistic regressions were performed to identify predictors of dry skin symptoms. The protocol of this study was approved by the Research and Ethical Review Board of the Chi-Mei Medical Center.
Results
All the 4,523 potential participants agreed to participate in the study, and 4,340 completed the standard questionnaire, yielding a response rate of 96%. Among them, 3,068 (70.7%) were clean room workers and 1,272 (29.3%) were non-clean room workers. The two groups had similar overall prevalences of history of skin and atopic diseases (27.0% vs. 28.2%, p=0.394), but the clean room group had a higher proportion with a history of allergic conjunctivitis (3.7% vs. 1.9%, p=0.002) and a lower proportion with a history of urticaria (7.3% vs. 9.2%, p=0.037). The 1,186 (27.3%) participants who had history of skin or atopic diseases before their current employment had a higher proportion of women (62.1% vs. 55.5%, p<0.001) and a higher prevalence of family history of atopic diseases (43.2% vs. 12.8%, p<0.001), including atopic dermatitis, bronchial asthma, allergic rhinitis, allergic conjunctivitis, and urticaria.
In further analyses, we excluded participants who had a history of skin diseases or atopic diseases before their current employment, including 342 with urticaria, 179 with drug eruptions, 159 with xerotic dermatitis, 51 with psoariasis vulgaris, 9 with ichthyosis vulgaris, 240 with atopic dermatitis, 693 with allergic rhinitis, 138 with allergic conjunctivitis, and 47 with asthma; some had histories of more than one disease. In the remaining 3,154 participants, 2,241 were clean room workers and 913 were non-clean room workers. In comparison with non-clean room workers, clean room workers had a higher proportion of women (66.2% vs. 29.5%, p<0.001), a younger age distribution (p<0.001), and shorter employment durations (p<0.001) ( Table 3 ). About 61% of the cases showed these symptoms within the first several months of their current employment. There were missing responses for each symptom, and the number of valid respondents for each analysis is presented in Tables 2  and 3 .
Using uni-variate logistic regression, we found that female gender, clean room worker, age, family history of atopic disease, and moisturizer use were associated with dry skin symptoms (Table 4) . Because employment duration did not appear to be associated with dry skin symptoms and the OR was close to 1 (the null value) after adjusting for other factors, we did not include it in the final multiple regression model. After adjusting for gender, employment duration, family history of atopic diseases, and moisturizer use, we found working in clean rooms was associated with dry skin symptoms (adjusted OR [AOR]=1.38, 95% CI: 1.08 to 1.77) ( Table 4 ). In addition, age between 24 and 30 yr (AOR=0.78, 95% CI: 0.62 to 0.99), family history of atopic diseases (AOR=1.75, 95% CI: 1.37 to 2.25), and moisturizers use were independent predictors of dry skin symptoms (AOR=1.64, 95% CI: 1.30 to 2.06). However, dry skin symptoms affected the palms, which are covered by gloves, more frequently than the face, which is exposed to the room air (Table 3) .
Working in clean rooms was an independent predictor of dry eye (AOR=1.30, 95% CI: 1.06 to 1.60) and dry nose and throat (AOR=1.70, 95% CI: 1.28 to 2.26) symptoms, and these body parts are likely to be affected by ambient humidity in clean rooms. In addition, we also found that male gender was an independent protective factor for both dry eye (AOR=0.33, 95% CI: 0.27 to 0.40) and dry nose and throat (AOR=0.57, 95% CI: 0.44 to 0.74) symptoms, while family history of atopic disease was an positive independent predictor for both dry eye (AOR=1.94, 95% CI: 1.55 to 2.43) and dry nose and throat (AOR=2.01, 95% CI: 1.54 to 2.62) symptoms. Employment duration also had a positive association with dry eye symptoms ( Table 4) .
Discussion
Studies on health effects of ultra-low environmental humidity (<5%) are limited but have generally observed adverse effects on the skin [6] [7] [8] [9] . There are relatively more studies on the effects of RH in the 5% to 30% range, and they have generally found skin effects as well, especially in people with pre-existing atopic eczema [12] [13] [14] [15] [16] [17] [18] . In particular, Wyon 19) and Nordstrom et al. 20) described an improvement of dry symptoms and sick building syndrome after humidification, and Reinikainen et al. 21) reported a decrease in symptoms of allergic reactions in office workers subsequent to an elevation in RH from 20% to 40% in the working environment. These intervention studies further support the causal links between moderate low environmental humidity and symptoms of dryness and allergies. The level of RH studied in the current study, 55%, was higher than those of previous studies, but we found that even at this level, people living in a high humidity environment may develop dry symptoms.
As in other studies of clean room workers in Taiwan 1, 2, 22, 23) , most of the clean room workers in our study were young women. Because the industry park has a history of operation of less than 10 yr and most of the production lines were established in the recent years, it was not surprising to see that clean room workers, who mostly worked in the manufacturing departments, had shorter employment durations than non-clean room workers. In the current study, we found the prevalences of dry skin, dry eye, and dry nasal and throat symptoms were increased in clean room workers (Table 2 ). Dry symptoms affecting the eyes, mucus membrane, and skin have been reported in a population exposed to RH of around 10% 12) , and humidification was found to be effective in reducing these symptoms 19, 20) . In another study of the TFT-LCD industryworkers in Taiwan, clean room workers were found to have a higher prevalence of tear secretion dysfunction, which can contribute to dry eyes 3) . Furthermore, another study observed a decrease in symptoms of allergic reactions in office workers subsequent to an elevation in RH from 20% to 40% 21) . These results indicate that even in an environment with moderate RH, dry and allergic symptoms may occur.
In comparison with non-clean room workers, we found clean room workers were more likely to have skin symptoms on the palms (OR=1.72, 95% CI: 1.24 to 2.39), but less likely on the face (OR=0.65, 95% CI: 0.45 to 0.94) ( Table 3) . In clean rooms, workers need to wear protective gloves all the time (for 9 h or more each shift), and this may have caused hand dermatitis, with irritant contact dermatitis as the major type of disease 24, 25) . Therefore, the dry symptoms observed on the skins of these workers were not caused by the relatively low humidity alone, and thus, should be studied separately from other dry symptoms in the future research. On the other hand, workers wear masks while working in clean rooms, and the humidifying effect of the air exhaled by the workers themselves may protect the portion of the face covered by the mask from dry symptoms. The fact that no difference in the prevalence of dry skin symptoms was observed for other body parts between the two groups probably indicated that the clothing covering the other parts of the body was effective at protecting the skin from the effects of the relatively low humidity. Therefore, there are multiple factors affecting the skin symptoms observed in clean room workers, not just the humidity of the work environment. In addition, we found the risk factors for dry skin symptoms were different between men and women, a result which provides further support for the multiple-factor scenario and indicates that gender was a potential effect modifier.
While working in clean rooms, workers do not have their eyes covered, and therefore it is not unexpected to observe a higher prevalence of dry eye symptoms among clean room workers (Table 3) . On the other hand, although most workers cover the respiratory tract with a mask while working in a clean room, the nose and throat are the parts through which the dry air is first inhaled into the body. Therefore, it is also understandable that a higher prevalence of dry nasal and throat symptoms was observed in clean room workers ( Table 2 ).
In the current study, we found workers who used moisturizers on a daily basis had a higher prevalence of dry skin symptoms. As a skin moisturizer is usually applied to relieve dry skin symptoms 26) , an acceptable explanation is that moisturizer use is the outcome of dry skin symptoms rather than the cause. Still, even after adjusting for this factor and other risk factors such as family history of allergic diseases and age, we found working in the clean rooms was an independent risk factor for developing dry skin symptoms (AOR=1.38, 95% CI: 1.08 to 1.77). Whereas the results of our study indicate that the occurrence of dry skin symptoms in clean room workers has multiple factors, the increases in dry symptoms for the eye, nose and throat were statistically significant, and the associations between the relatively low humidity in the clean room environment and these symptoms are biologically plausible. Our study calls attention to the fact that the prevalence of dry symptoms was significantly higher among clean room workers than among office workers even after adjusting the gender, age, family history, etc. In some indoor manufacturing environments, increasing the humidity does not necessarily affect the quality of the products. In such cases, measures to increase the humidity to a level comparable to the living environment may be desirable. Further intervention studies should be conducted to identify the appropriate levels of humidity in different geographic regions.
